INTRODUCTION
Sterility caused by a dietary deficiency in female rats fed a purified diet was first investigated by Evans & Bishop (1922) . They correctly deduced that the factor involved was a vitamin, which was later named vitamin E (Evans & Burr, 1925) . A detailed histopathological study of male and female rats given a vitamin -deficient diet was made by Evans & Burr (1927) . In the female, gestation proceeded normally until the 8th day when slight signs of retarded embryonic development appeared. These became accentuated until death occurred on the 13th day, when the embryo was resorbed (gestation-résorption). Evans & Burr (1927) found that a single dose ofvitamin E-identified chemically (Fernholz, 1938) and named tocopherol-administered as late as the 5th day of gestation was effective in preventing gestation-résorption but when given on the 9th or 13th day, it was ineffective. Gestation-résorption has since become the basis of the standard bioassay of vitamin E (Mason & Harris, 1947) . Later workers found that a single dose of tocopherol administered on or before the 8th day resulted in normal fetuses at term (Cheng & Thomas, 1953) . If vitamin E was given during the 9th to 12th day of gestation, congenital abnormalities were always present, the frequency of any one abnormality being related to the time of gestation at which vitamin E was administered.
It has been suggested that vitamin E acts in vivo solely as an antioxidant and the evidence for and against this theory has been reviewed in detail (Green & Bunyan, 1969) . The ability of certain antioxidants to prevent some vitamin -deficiency diseases is cited as strong evidence in favour of the theory. Draper, Goodyear, Barbee & Johnson (1958) found that the synthetic antioxidant, N,N'-diphenyl-p-phenylenediamine (DPPD), supported normal reproduction in two generations of vitamin -deficient female rats. Vitamin -deficient rats of the third generation, given DPPD, failed to reproduce. In a later report (Draper, Bergan, Chiù, Csallany & Boaro, 1964) , it was shown that DPPD, but not 6-ethoxy-l,2-dihydro-2,2,4-trimethylquinoline (ethoxyquin), was at least as effective as a-tocopherol in reversing sterility. Tocopherol was shown to be undetectable in liver and heart and it was therefore suggested that the rôle of DPPD was not a 'sparing' action on residual amounts of vitamin E, but that the antioxidant was capable itself of supporting embryonic growth.
On the basis of the antioxidant theory, tissue degeneration in vitamin Edeficiency diseases is attributed to free-radical damage of cell structures. In an investigation of the activity of lysosomal hydrolases during gestation-résorption, however, Bunyan, Green, Diplock & Robinson (1967) left for 3 weeks, during which complete résorption of the litter occurred. This confirmed that the females were vitamin -deficient before they were remated and used to provide embryos for the culture.
Culture of embryos. The embryos were explanted during the afternoon of the 8th day of gestation (the 1st day being the day on which spermatozoa were found in the vaginal smear) when they were at the early egg-cylinder stage (0-3 xO-1 mm) and consisted of only two germ layers, endoderm and ectoderm. They were grown in static medium by the technique of New (1971 New ( , 1973 . The explantation was carried out in tyrode saline by means of watchmaker's forceps and the Reichert's membrane was opened. One to three embryos were pipetted into a watch-glass containing 0-8 ml serum with streptomycin added at a final concentration of 50 µg/ml. The embryos immediately settled on the bottom, 2 to 3 mm from the surface of the medium which was equilibrated with a gas mixture containing 40% 02, 5% C02 and 55% N2.
Litters were divided between the different treatments to eliminate initial differences caused by inter-rat variation.
Culture medium. In order to prepare the female rats for the withdrawal of blood from which the nutrient medium was prepared, they were anaesthetized in an atmosphere of ether. Vitamin -deficient females were found to be very sensitive to ether and it was necessary to watch them carefully in order to ensure that they were removed as soon as they ceased moving and became unconscious.
The serum (Steele, 1972) Diplock, Bunyan & Green (1961) found that the mean a-tocopherol level in the serum of adequately fed 6-monthold female rats was 5-0 /tg/ml. When Owing to the small size of the cultured expiants, it was decided not to dissect the embryos from their membranes and the protein determination was carried out on the whole conceptus. The colorimetrie method of Lowry, Rosebrough, Farr & Randall (1951) was used, and the expiants were homogen¬ ized in 0-9 % (w/v) saline with a hand homogenizer of the all-glass type to give a homogeneous suspension.
Histology
The embryos were embedded in paraffin wax and 10-µ sections were made. These were stained with haematoxylin and aqueous eosin.
RESULTS

Series I. Effects of vitamin E
Explants grown in vitamin E-deficient medium developed poorly with a mean protein content of less than 20 µg at the end of the culture period, whereas those in medium containing vitamin E, whether added in vivo or in vitro, contained several times more protein. The best developed expiants con¬ tained more than 100 µg protein (Table 1) .
There was a significant difference ( (Table 3 ). In the absence of vitamin E in the medium, the embryos survived less than 72 hr, many of them dying at the late egg-cylinder stage during the first 24 hr of culture (PL 1, Fig. la) . The majority of embryos in media containing vitamin E, whether added in vivo or in vitro, (Table 3) . Only one out of twenty-five embryos grown in vitamin E-deficient medium developed a heartbeat whereas in media containing vitamin E, eleven out of thirty-six had a heartbeat, all but one being single (Table 3) . PLATE 1 Fig. 1 (a (Table 4) .
At the low concentrations of antioxidants, i.e. equimolar with vitamin E at 0-59 µg/ml), only DPPD prevented embryonic death; vitamin E and ethoxyquin were inactive (Table 5) . (Griffiths, 1959; Scott & Desai, 1964; Gilbert & Thompson, 1968) is undoubtedly affected by different rates of absorption, metabolism and excretion.
The death of cultured embryos lacking vitamin E either in tissues or in the medium often occurred during the 9th day of embryonic development. This was earlier than the time of death in utero, which was usually the 12th day, and was probably the result of an accentuation by the culture system of abnormali¬ ties which could have been better tolerated in the more favourable uterine environment.
The results of the antioxidant cultures are similar to the results previously obtained with antioxidants in vivo which have already been described. The toxicity of DPPD at a high dose and its greater effectiveness at lower con¬ centrations than a-tocopherol are in accord with observations made on its activity in vivo (Draper, Goodyear, Barbee & Johnson, 1956; Draper et al., 1964) . The inability of ethoxyquin to prevent embryonic death, but not its toxicity at high doses, has also been established (Draper et al., 1964) . Con¬ sidering the results of the two series of experiments described here, it is possible that the function of vitamin E may be to act as an antioxidant in vivo with re¬ spect to gestation-résorption. This does not, however, explain the inability of ethoxyquin to prevent embryonic death, and it therefc re seems likely that some property of tocopherol other than its antioxidant function may also be possessed by DPPD and be capable of preventing fetal death in vivo and in vitro.
